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SYNTHESIS OF 1- (3- PHTHALI MIDO 2- OXOBUTYL)-4-
SUBSTITUTED PHENYLPIPERAZINES AND
THEIR ANTEF HIV REVERSE TRANSCRIPTASE ACTIVITY
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ABSTRACT: AIM Synthesis of 1-( 3- phthalimido 2- oxobutyl )- 4- substitute ¢ phenylpiperazines (5 ~ 15) . METHODS
The starting material nitrogen mustard hydrochloride ( 16) , reacted with the corresponding substituted anilines to afford piperazine
hydrochlorides (17 ~ 27) , which were then coupled with 1- bromo 3- phthalimidobutarr2- one (4) to give the target compounds .
RESULTS Eleven target compounds (5 ~ 15) were synthesized , which were characterized by ' HNMR , IR and ele mental analysis .
CONCLUSION Anti- HTV1 RT using HIV reverse transcriptase P-66 protein test showed that compounds 11, 14, 10 and 13
possessed inhibitory effects against HIV1 reverse transcriptase ( RT) , with IC, 29.80, 35.20, 43.77 and 63.76 pmol* L',

respectively .
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Several nomr nucleoside human immunodeficiency
virus reverse transcriptase ( HI'V RT) inhibitors have been

") For example in the following

reported since 1991"
compounds (1 ~ 2) were investigated extensively, and
compound 2 ( delavirdine) has been granted for sale as a
new drug for the treatment of AIDS recently .
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Ftibamzone ( Tai- Ding- An (3)) is a nom nucleoside
anti herpes virus drug and was synthesized by the Institute
of Materia Medica, CAMS & PUMC.
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The structure activity relationship ( SAR) research of
ftibamzone analogs showed that the existence of the
phthalimido moiety acts as a key function to the anti- virus
activity'*) . Further, Romerd’' et al. found that the
saturated nitrogerr containing heterocyclic group is a
pharmaco effective group, which can inhibit HI'V1 RT.
We intended to combine the two moieties and synthesized
a series of new phthalimido piperazine derivatives in order
to evaluate their inhibitory activity against HT'V1 RT. We
designed and synthesized the following compounds (5 ~
15) , and the synthetic route is shown in Scheme 1 .
Diecthanolamine reacted with thionyl chloride in
chloroform at 70 ~ 80 C to afford nitrogen mustard
hydrochloride (16) with a yield of 91 % , which then was
refluxed with different substituted anilines for 62 to 137
hours in mbutanol in the presence of base ( K, CO;) to
give piperazine hydrochlorides ( 17 ~ 27) with the yield
from 15 % to 82 %, mostly 50 % ~ 60 % . The resulting
hydrochlorides which were firstly neutralized with base
and then coupled with 1-bromo- 3- phthali midobutamr 2- one
(4)') to give the target compounds (5 ~ 15) with
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moderate to good yields (14 % ~ 95 %) .
compounds (5 ~ 15) were separated via silica gel or

The target

alumina chromatography ( column or preparative TLC) ,

depending on the substituent on the benzene ring. The
structures of all compounds (5 ~ 15) are novel and were
characterized by "HNMR, IR and ele mental analysis .
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R(17 ~27) : H,p OMe (17 ,18) ; mr OMe ,p Cl (19,20) ; o Cl,mr CI (21,22) ; p NO, ,nr NO,(23 ,24) ; p Br,p F (25 ,26) ; p CF;(27)
R(5~15): H,pOMe (5,6) ; mOMe ,pCl (7,8) ; o Cl,mrCl (9,10) ; p NO, ,mr NO,(11,12) ; p Br,p F (13 ,14) ; p CF;(15)

Scheme 1

Route of synthesis of compounds 5 ~ 15

Table 1 Physical properties and spectral data of compounds 5 ~ 15

0 CH,
N R
Sre SN,
0 n_/
O

No. R MP/ C Yield/ %* IR/cm™! " HNMR § ( CDCl;)
5 128 ~ 131 27 1776 ,1711 , 7 .74( m ,4H ,phthalimide- H) ,6 .70 ~ 7 .24( m ,5H ,% H) ,4 .96(q,1 H,CH) ,3.30(s,2H,CH,) ,
1599 ,1392 3.02 ~3.22( m,4H ,piperazinyl- H) ,2 .52 ~ 2 .68( m ,4H ,piperazinyl- H) ,1 .66(d,3H,CH;)
6 pOMe 129 ~131 95 1780,1713 , 7.76( m ,4H ,phthalimide- H) ,6 .80(s ,4H ,% H) ,4.96(q,1 H,CH) ,3.72(s ,3H,0CH;) ,
1515,1392  3.32(s,2H,CH,) ,2.92 ~3 .10( m,4H ,piperazinyl- H) ,2 .56 ~2 .80( m ,4H ,piperazinyl- H) ,
1 .68(d,3H,CH;)
7° o OMe 95 ~100 80 1774 1713, 7.76( m ,4H ,phthalimide- H) ,6 .90( m ,4H ,» H) ,4.98(q,l H,CH) ,3 .86(s ,3H,0CH;) ,
1499 ,1394 3 .30(s,2H,CH,) ,2.90 ~ 3 .20( m ,4H ,piperazinyl- H) ,2 .50 ~ 2 .80( m ,4H ,piperazinyl- H) ,
1 .68(d,3H,CH;)
8 pCl 132 ~133 73 1775 1713, 7 .78( m ,4H ,phthalimide- H) ,6 .40 ~7 .62(4H,AA BB & H)°® ,4.92(q,l H,CH) ,
1500 3.40(s ,2H,CH,) ,3.10 ~3.30( m ,4H ,piperazinyl- H) ,2 .64 ~ 2 .88( m ,4H ,piperazinyl- H) ,
1.66(d,3H,CH;)
9° odl 126 ~ 127 60 1774 ,1713 , 7.76( m ,4H ,phthalimide- H) ,6 .82 ~7 .34( m ,4H ,% H) ,4 .92(q,1 H,CH) ,3.70(s ,2H,CH,) ,
1481 ,1391  2.90 ~ 3 .44( m ,8 H ,piperazinyl- H) ,1 .66( d,3H,CH;)
10 mr Cl 74 ~ 175 5 1776 1713, 7.76( m ,4H ,phthalimide- H) ,6 .60 ~7 .12( m ,4H ,% H) ,4 .92(q,1 H,CH) ,3 .40(s ,2H,CH,) ,
1595,1391  3.10 ~3 .24( m ,4H ,piperazinyl- H) ,2 .60 ~ 2 .84( m ,4H ,piperazinyl- H) ,1 .65(d,3H,CH;)
11 p NO, 125 ~127 48 1770 ,1711, 8 .08(2H,Ar H)°,7 .80( m ,4H ,phthalimide- H) ,6 .77(2H ,Ar H) ® ,4 .95(q,l H,CH) ,
1387 ,1317 3.36 ~3 .54( m ,6H,CH, + piperazinyl- H) ,2 .60 ~2 .80( m ,4H ,piperazinyl- H) ,
1 .68(d,3H,CH;)
12 - NO, 70 ~ 75 14 1776 1713, 7.76( m ,4H ,phthalimide- H) ,7 .00 ~ 7 .68( m ,4H ,% H) ,4 .86(q,l H,CH) ,3.55(s,2H,CH,) ,
1526 ,1389 3.12 ~3 .32( m ,4H ,piperazinyl- H) ,2 .56 ~ 2 .84( m ,4H ,piperazinyl- H) ,1 .60( d,3H,CH;)
13° p Br 136 ~ 138 70 1774 1713, 7 .74( m ,4H ,phthalimide- H) ,7 .24(2H ,Ar H) ¢ ,6 .66(2H ,Ar H) © ,4 .94(q,l H,CH) ,
1497 ,1391 3 .32(s,2H,CH,) ,3.00 ~3 .16( m ,4H ,piperazinyl- H) ,2 .52 ~ 2 .68( m ,4H ,piperazinyl- H) ,
1 .60(d,3H,CH;)
14 pF 104 ~106 40 1778 1711, 7.76( m ,4H ,phthalimide- H) ,6 .74 ~ 6 .96(4H ,AA BB ,& H) ,4 .94(q,l H,CH) ,
1512,1391 3 .36(s,2H,CH,) ,2.96 ~3 .20( m ,4H ,piperazinyl- H) ,2 .58 ~2 .82( m ,4H ,piperazinyl- H) ,
1.66(d,3H,CH;)
15° p CF; 139 ~ 141 -4 1778 ,1711 , 7 .86( m ,4H ,phthalimide- H) ,6 .84 ~7 .56(4H ,AA BB ¢ H) ,5.04( q,lH,CH) ,
1612,1391 3.08 ~3.60( m,6H,CH, + piperazinyl- H) ,2 .44 ~ 2 .64( m ,4H ,piperazinyl- H) ,

1

.60(d,3H,CH,)

a . Yield calculated from piperazine hydrochlorides ; b.

system; d. “ One pot” reaction, yield calculated from

Elemental analysis C, H, N, all within 0.5 % from calculated; c. AA BB

compound 16 25 %
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Though the intermediates of different substituted
phenyl- piperazines are all known compounds, but few of
them are commercially available , so we had to synthesize
all the compounds 17 ~ 27 ourself. There are several
methods  of

piperazines in literatures'
(71

synthesizing  monosubstituted  phenyl-

7719 “such as , nitrogen mustard
react with aniline " , nitrogen mustard hydrochloride react
with aniline hydrochloride at a high te mperature'®’ or the
reaction of diethanolamine and aniline under catalysis of
polyphosphoric acid’', etc.. The 1- position H-atom in
the piperazine ring can also be substituted by phenylm .
Since substitution may occur at both sides in the 1,4

.. . . 10
position of p1peraz1ne[ :

, we synthesized the piperzine
hydrochloride intermediates by refluxing nitrogen mustard
hydrochloride with different substituted anilines in
butanol for 62 to 137 hours, and then partly turned basic
with K, CO; to give the target piperazine hydrochloride
intermediates ( 17 ~ 27) . The physical property data of
the phenylpiperazine hydrochlorides are shown in Table 2 .
We have also mentioned that, if the potassium carbonate
was added in portions instead of once, the yield may
increase , take the example of compound 19, the yield
was 50 % when K, CO, was add once, and it raised to
82 % when potassium carbonate was added in 3 portions .

Most of the obtained target compounds are not easily
crystallized. They have to be purified by silica gel
chromatography . For compounds 10 and 12 ~ 15, because
they can be absorbed by silica gel, so their purification
were carried out by alumina chromatography. Petroleum
etherether (3: 1 ~1:1) can be used as eluent in both
case for most compounds .

The ' HNMR data of compounds 5 ~ 15 are shown in
Table 1 . In most instances, the peaks of the AA BB
system of the aromatic H atoms of the phthalimido moiety
appear in the lowest field , except for compound 11. Due
to the effect of 4-nitro group, the AA BB system of
phenyl 3 ,5-position and the 2 ,6- position, the two groups
of AA and BB are distant to each other and near A, B,
system . Further, the peaks of 3 ,5-position down shifted
to the lowest field. Further, for the compounds 14 and
26 , we observed that, for the p-fluoro substituted phenyl
group , the o H spin coupled with F atom, and J =3.6
Hz , as for the spin coupling of H (2,6)-F, it is not
observed for the distance of the nuclears .

The IG;, of the active compounds are listed in Table

After screening via HIV1 RT test of most target
compounds 5, 6,9 ~ 11 and 13 ~ 15 in vitro , the results
showed that compounds 11, 14, 10 and 13 inhibit the

activity of HITWV1 RT, with the 1C, of 29.80, 35.20,
43.77 and 63.76 pmol® L' , respectively .

Table 2 Physical properties and spectral data of
compounds 17 ~ 27

/ R
HN N—@ -HCl
/

MP, Yiel
No. R 1/ lef/ ! HNMR ( DMSO- d;)
C %
17 H 235 ~238 72 9.40( D, O exchangeable ,NH) ,

6.72 ~7.32(m,5H,Ar H) ,
3.04 ~ 3 .48( m ,8 H,piperazinyl- H)

18 pOMe 209 ~210 58 6.90(2H,Ar H)®.,6.82(2H,Ar H)" 3 .68
(s,3H,0CH;) ,3 .21(s ,8H ,piperazinyl- H) ,
2 .08( D, O exchangeable , NH)

19 oOM 201 ~204 82 6.80~7.00(m,4H,Ar H) ,3.76(s,3H,
OCHs) ,3 .14(s ,8 H,piperazinyl- H)

20 pd 227 ~229 54 7.22(2H,ArH)" .6 .96(2H,Ar* H)",
3.05 ~3.68( m,8H,piperazinyl- H)

21 od 152 ~154 50 9 .48( D, O exchangeable ,NH) ,6 .96 ~ 7 .48
(m,4H,Ar H) ,3 .28(s ,8 H ,piperazinyl- H)

22 wrd 235 ~238 57 9.40( D, O exchangeable ,NH) ,
6.74~7.32(m,4H,Ar H) ,
3.00 ~3.50(s ,8H ,piperazinyl- H)

23 pNO, 221 ~228 19 9.48( D, O exchangeable ,NH) ,

(dec.) 8 .04(2H,ArH)"”,7 .05(2H,Ar H)®,

3.56 ~3.80( m,4H ,piperazinyl- H) ,
3.16 ~3.30( m,4H ,piperazinyl- H)

24 NGO, 222~228 51 9.20( D, O exchangeable ,NH) ,

(dec.) 7.32~7.70( m,4H,Ar H) ,

3 .40 ~3.60( m ,4H ,piperazinyl- H) ,
3.16 ~3.36( m,4H ,piperazinyl- H)

25 pBr 216 ~219 15 9.36( D, O exchangeable ,NH) ,
7 .36(2H,ArH)® 6 .90(2H ,ArH) ",
3.00 ~3.50(s ,8H ,piperazinyl- H)

26 pF 180 ~184 60 9 .40( D, O exchangeable ,NH) ,
7.05(2H,ArH)® 6 .96(2H ,ArH) ",
3.00 ~3.68(s,8H,piperazinyl- H)

27 pCF >300  11° 4

a. Yield calculated from nitrogen mustard hydrochloride ; b. AN
BB system ; ¢. Most products re mained in the reaction mixture and
went directly to the next step reaction without further purification ;
d. The solid was insoluble in DMSO and other solvents so there was
no NMR data, but the next step to give compound 15 proved the
structure

Table 3 Inhibition of compounds 5 ~ 15 on HI'V1
reverse trarscriptase in vitro

Compound ~ 1Cso/ pmol* L' Compound ~ ICso/ pmol* L™ !

5 486 .26 11 29 .80

6 2528 .23 12 NT

7 NT 13 63.76

8 NT 14 35.20

9 126 .80 15 117.91
10 43 .77

NT: Not tested
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EXPERI MENT

m.p. YANACO MP-500D mp meter, thermometer
uncorrected. ' HNMR, Jeol FX90Q, 90 MHz, inner
standard TMS, § in ppm, J in Hz. FFIR, IMPACT
400 . Elemental Analysis: Carlo Erba 1106 .

1 Synthesis of nitrogen mustard hydrochloride (16)

Conducted via ordinary method , yield 91 % . mp 207
~209 C.

2 Synthesis of different substituted phenylpiperazines
(17 ~27)

Reaction example , phenylpiperazine hydrochloride
(17) . To a solution of 0.526 g (3 mmol) of nitrogen
mustard hydrochloride ( 16) in 15 mL of mbutanol,
0.280 g (3 mmol) of redistilled aniline and 0. 069 g (0.5
mmol) of potassium carbonate ( K,CO;) were added
therein . The resultant reaction mixture was refluxed for 8
hours in a dry atmosphere and then cooled to room
te mperature . After that, 69 mg (0.5 mmol) of K,CO,
was added and the mixture was refluxed for 8 hours and
cooled to room temperature . Then another 69 mg (0.5
mmol) of K, CO, was added and the mixture was refluxed
for another 7 hours. At the end point that no much
bubbles appeared, the following procedures based on the
reference''’! , 410 mg (72 %) of the title compound was
obtained as white crystal, mp 235 ~ 238 C ( ref.”’

248 C) , elemental analysis C, H;s CIN, * {T H, O, Calc

(%): C59.11, H7.69, N13.79; Found ( %) : C
59.64, H7.55, N13.63.

The syntheses of compounds ( 18 ~ 27) were similar
to compound ( 17) .

3 Synthesis of phthalimidopiperazines with different
substituted phenyl substituents (5 ~ 15)

Reaction example , synthesis of 1-( 3- phthalimido 2-
oxobutyl)-4-( 2-chlorophenyl ) piperazine (9) 175 mg
(0.75 mmol) of o chlorophenyl- piperazine hydrochloride
(21) was stirred with 0.625 g (4.5 mmol) of K, CO; in
dry acetone until the base of 21 liberated, and then 300
mg (1 mmol) of 1-bromo 3- phthalimido 2- butanone (4)
was added therein. The reaction mixture was stirred under
ambient temperature , and controlled with TLC ( ether
petroleum ether = 3! 2) until the reaction completed. The
filtered off, the
concentrated to dry under reduced pressure and then
uploaded to 0.7 g of silica gel (200 ~ 300 mesh grade) ,
separated with basic alumina (5.5 g) chromatography

inorganic salt was filtrate  was

(ether petroleum ether=1:3) , 190 mg of title compound
was obtained as white sheet crystal ( mp 126 ~ 127 C,

yield 60 %) , elemental analysis C, H, CIN,O, calc
(%): C64.15, H 5.38, N 10.20; found ( %) : C
64.36, H5.30, N10.03.

The synthesis processes of the rest compounds (5 ~
8, 10 ~ 15) were similar to the above description .
4 Inhibition of HI'V1 Reverse trarscriptase

The HIV reverse transcriptase P66 protein was used
to test the inhibitory activities of compounds with the
method reported by Tang, et al in 1990'"!
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